Abstract Arsenic contamination of ground water has become a serious problem all over the world. Large number of people from Uttar Pradesh, Bihar and West Bengal of India are suffering due to consumption of arsenic contaminated drinking water. Study was carried out on 30 individuals residing in Ballia District, UP where the maximum concentration of arsenic was observed around 0.37 ppm in drinking water. Blood samples were collected from them to find out the problem related with arsenic. Cytogenetic study of the blood samples indicates that out of 30, two persons developed Klinefelter syndrome.
Introduction
Contamination of arsenic (As) in the ground water is one of the major threats to the human health due to highly toxic nature of arsenic(III). Arsenic is entering the ground water through natural weathering processes of the arsenic bearing rocks and minerals and by the discharge of effluents of various industries like petroleum refining, fertilizer, pesticides, herbicides, glass and ceramics, wood preservatives, alloys, electronics, catalysts and feed additives/veterinary chemicals [1] [2] [3] .
Ground water contamination with arsenic has been noticed in the West Bengal, Bihar, Uttar Pradesh, Jharkhand, Assam and Chattisgarh states of India. This problem is also prevalent in the countries like Bangladesh, Argentina, Canada, China, Mongolia, Taiwan and Saudi Arabia [4] [5] [6] [7] [8] . Arsenic exists in the aquatic environment in two forms viz-arsenite [As(III)] and arsenate [(As V)]. The former is more toxic than latter and by its methylated forms. The permissible limit of arsenic in the drinking water is 0.01 ppm [9] . Its presence in the ground water more than permissible limit causes various kinds of serious diseases viz-eczema of skin/mucous membranes, hyperkeratosis of palms and soles, warts, leukemia, acute renal failure, encephalopathy, sensory disorders, neuropathy and cancer, rhinopharyngitis, pulmonary insufficiency, interstitial fibrosis, melanosis, hypertension and peripheral vascular disease [1, 3, 8] . Thus arsenic acts as a silent killer. In the present paper effect of consumption of arsenic contaminated water has been studied on the human chromosomes.
Materials and Methods

Study Design and Group Selection
From the arsenic affected area of four villages (Baria, Maniar, Dubahar and Sikandarpur) of Ballia district, UP (India) 30 persons (13 male and 17 female) were identified who had symptoms of skin disease like hyperpigmentation and hypopigmentation (Table 1) . They were screened for the study of chromosomal aberration. Detailed information was collected from them about their habits like smoking, tobacco chewing, chronic diseases and about their medical treatment. Blood sample were taken from non addicted people exposed to arsenic as well as from the healthy people.
Blood Culturing and Chromosomal Preparation Two 15 ml autoclaved culture vials were taken in a laminar flow Model (DB-5511), Decibel, New Delhi and 0.5 ml Roswell Park Memorial Institute Medium (RPMI) (R6504) media was poured in each of them using sterile pipette tip. This media favours the growth of Human lymphoid cells. Subsequently 500 ll of fetal calf serum was then added in each of them as it contains growth factors and low antibodies. This was followed by the addition of 50 ll of phytohemagglutinin (PHA). PHA, a lectin is added to make lymphoid cells (T cells only) to divide a limited number of times before undergoing senescence by cross linking with cell surface receptors hence increasing cell signalling then 0.3 ml (8-9 drops) of freshly collected heparinised blood was added to them. Cultures were incubated in Biological Oxygen Demand (BOD) incubator with 5 % CO 2 concentration and at 37°C temperature for 70 h in sterile conditions. About 7.5 ll of colchicine was added to both of the vials and they were again kept into the incubator. After 90 min of adding colchicine the cultures were transferred to glass centrifuge tubes. The tubes were then centrifuged at 1,300 Revolutions per minute (RPM) for 8 min at room temperature in a swinging basket centrifuge, Sigma model (1-15PK), made in Germany. Supernatant was discarded and it was tapped to break the pellet. Few drops of hypotonic maintained at 37°C was added to the pellet and it was tapped to mix. It was repeated thrice to mix properly. Volume was made to 8 ml, and it was incubated at 37°C for 15 min. Few drops of fixative was added and mixed by pipetting. It was then centrifuged at 1,300 rpm for 8 min at room temperature. Supernatant was discarded and pellet was mixed by tapping 2-3 times with 3 drops of fixative. The volume was maintained to 8 ml and tubes were incubated at room temperature for 5 min. The tubes were again centrifuged at 1,300 rpm for 8 min at room temperature. Supernatant was discarded carefully and the pellet was again resuspended in 8 ml of fixative for washing. Centrifugation was done at 1,300 rpm for 5 min at room temperature. About 6 ml of upper supernatant layer was discarded and 2 ml was retained. Few drops from the left out liquid were dropped over a clean slide from height and left for drying. The slides were then stained with Giemsa stain for 5 min and then washed in the distilled water in coupling jars. Cover slip was applied using dibutyl phthalate xylene (DPX) and left for drying. The slides were observed under the microscope with oil-emersion 100X objective [10] .
G Banding of Chromosome
The slides made by air drop method were kept for 10 days for ageing [11] . After the aging they were kept in 30 mg/ml LPSP Less pronounced skin pigmentation, MPSP More pronounced skin pigmentation, PSP Pronounced skin pigmentation trypsin solution made in 0.85 % NaCl solution of pH 7.4 for 45 s. Immediately they were washed in 1:1 solution of sodium hydrogen phosphate and potassium hydrogen phosphate solution. The slides were then washed 2-3 times in distilled water and transferred into Geimsa stain and kept for 5 min for staining. They were then washed in distilled water 2-3 times and dried and then cover slip was applied using DPX. After drying they were observed under the microscope with oil immersion 100X objective.
Karyotyping
Selected metaphase plates were karyotyped following the standard human chromosome nomenclature (ISCN 1995) from each individual [12] .
Results and Discussion
The first visible symptoms caused by exposure to low arsenic concentrations in drinking water are abnormal black-brown skin pigmentation which is known as 'melanoses'. However with severe exposure to arsenic there is hardening of palms and soles which leads to keratosis. If the exposure further continues skin depigmentation starts, resulting into white spots (leukomelanosis). The palms and soles advance thicken and painful kracks emerge. These symptoms are known as hyperkeratosis which may lead to skin cancer [13, 14] . In present study 20 people were suffering through keratosis. While nine people having pigmentation on limb, chest and tongue ( Table 2 ). The distribution of the total arsenic concentration in drinking water is shown in the Table 1 . Out of 30 blood samples studied from the arsenic affected area two samples have shown chromosomal abnormalities ( Table 2 ). The normal chromosome complement in human is 46XX in female and 46XY in male. But during the present study two cases were observed with genetic anomalies. One had mosaic 47XXY while the other had 45XO chromosome complement. It was the case of highly arsenic exposed person. Skin lesions were more pronounced in the high arsenic exposed person than in the less exposed one. 47XXY is also known as Klinefelter syndrome [15] . This contention is also supported by the work of Ostrosky et al. [16] and Warner et al. [17] who reported CA due to chronic arsenic exposure. Dulout et al. [18] analyzed the structural aberrations (translocation) as well as the numerical aberrations (aneuploidy) due to consumption of arsenic contaminated water. The children exposed to high concentration of arsenic in Hungary have shown a significantly higher incidence of aberrant cells [19] . Positive correlation exists between CAs and arsenic concentration in their drinking water. Gebel (2001) opined that CA is a better indicator of arsenic genotoxicity [20] .
Klinefelter syndrome (47, XXY) results from the meiotic nondisjunction of the X chromosome of the gametes from either of the parents. It is one of the most common chromosomal variations found in the infertile men. It occurs with a frequency of 1/500 male live births (Paulsen et al. [21] ), accounting for 7-10 % of the men with nonobstructive azoozpermia (Matsuda et al. [22] ). Hamberton et al. [23] described the presence of an extra X chromosome in the male individual resulting in the sex chromosome make up being XXY. Karyotype of such individuals reveals 47, XXY chromosome compliment. Mosaic form is caused by meiotic nodisjunction of the X chromosome after fertilization of the zygote. The associated phenotypes are sterility, gynaecomastia, incomplete masculine body build, tallness and sometimes learning disability. They are characterized by small testis and azoospermia [24] . Among all the features of men with Klinefelter syndrome sterility is the most common [25] . Since arsenic is affecting the people at chromosomal level, therefore, there is an urgent need to carryout extensive and continuous research for its remediation. This is only possible when common people, the doctors and the scientists come together to work on the same plateform.
Conclusions
The present investigation has been carried out on the effect of consumption of arsenic contaminated water on the individuals in Ballia district of Uttar Pradesh. The arsenic distribution in the ground water is seen to vary from 0.01 to 0.37 ppm. Thirty individuals from the affected area were examined for the effect of arsenic and their blood samples were studied for any genetic aberration. The study indicate that individuals who consumed high arsenic contaminated water suffered keratosis, pigmentation and chromosomal abnormalities.
